ABSTRACT Background: The lowest dose of folic acid required to achieve effective reductions in homocysteine is controversial but important for food fortification policy given recent concerns about the potential adverse effects of overexposure to this vitamin. Objective: We compared the effectiveness of 0.2 mg folic acid/d with that of 0.4 and 0.8 mg/d at lowering homocysteine concentrations over a 6-mo period. Design: A randomized dose-finding trial with folic acid was conducted. Of 203 participants screened, 101 patients with ischemic heart disease and 71 healthy volunteers completed the study. Participants were randomly assigned to receive placebo or folic acid at doses of 0.2, 0.4, or 0.8 mg/d for 26 wk; subsamples of patients with ischemic heart disease were also examined at 6 or 12 wk. Results: Participants with higher baseline homocysteine concentrations had the greatest reductions in homocysteine in response to folic acid doses of 0.2 mg (220.6%), 0.4 mg (220.7%), and 0.8 mg (227.8%); in those with lower baseline homocysteine concentrations, the responses were 28.2%, 28.9%, and 28.3%, respectively. No significant differences in homocysteine responses to the different doses were observed. In the patient group sampled at intervals during the intervention, the maximal homocysteine response appeared to be achieved by 6 wk in the 0.8-mg/d group and by 12 wk in the 0.4-mg/d group. However, the homocysteine response was suboptimal in the 0.2-mg/d group at both 6 and 12 wk compared with that at 26 wk. Conclusions: A folic acid dose as low as 0.2 mg/d can, if administered for 6 mo, effectively lower homocysteine concentrations. Higher doses may not be necessary because they result in no further significant lowering, whereas doses even lower than 0.2 mg/d may be effective in the longer term. Previous trials probably overestimated the folic acid dose required because of a treatment duration that was too short. This trial was registered at clinicaltrials.gov as ISRCTN45296887.
INTRODUCTION
Evidence from numerous retrospective and prospective studies predicted that lowering homocysteine by '25% would reduce the risk of heart disease by 11-16% and stroke by 19-24% (1, 2) . However, the secondary prevention trials in at-risk patients published since have generally failed to show a benefit of homocysteine-lowering therapy on cardiovascular events (3) (4) (5) (6) (7) (8) . One of these trials did, however, show a clear benefit in reducing the risk of stroke. Although this benefit was largely overlooked in the original report (4) , it was recently reported separately (9) .
Moreover, a recent meta-analysis of randomized trials showed that folic acid significantly reduced the risk of stroke overall by 18%, but to a greater extent by up to 25% in those trials that showed greater homocysteine lowering or in persons with no history of stroke (10) . The reported improvement in stroke mortality in North America that relates to the timing of introduction of mandatory folic acid fortification (11) adds further support to the potential benefit of enhancing folate status and/or lowering homocysteine in the primary prevention of stroke.
The first meta-analysis to assess the effect of folic acid showed that doses ranging from 0.5 to 5 mg/d could decrease homocysteine by '20-25% (12) . Although 2 other studies suggested that folic acid ranging from 0.2 to 0.4 mg/d could effectively decrease homocysteine (13, 14) , both of these studies had limitations that affected the interpretation of their findings. One study was conducted exclusively in young women, thereby limiting the application of the results to the general population. In the earlier trial (also by our group), an increasing doses model was used in which participants acted as their own controls; therefore, the findings, although informative, lacked the robustness of those from a randomized controlled trial. Another trial reported that folic acid doses as high as 0.8 mg/d were required for maximal homocysteine lowering in patients with ischemic heart disease (IHD) (15) . Likewise, a subsequent meta-analysis of 25 randomized trials involving 2596 subjects concluded that 0.8 mg folic acid/d was required to achieve a maximal reduction in homocysteine (16) . A dose of folic acid as high as 0.8 mg/d is not, however, a feasible target for food fortification because achieving this level as a population average will result in some people being exposed to much higher folic acid intakes. Moreover, long-term exposure to folic acid (the synthetic form of the vitamin) is as-sociated with safety concerns, including the potential risk that high folic acid intake might mask the anemia of vitamin B-12 deficiency (17) or that it may be associated with an increased risk of cognitive impairment in older persons with a low vitamin B-12 status (18) . Furthermore, despite considerable evidence that folate within the dietary range plays a protective role against various cancers (19, 20) , high-dose folic acid may promote colorectal tumorigenesis in patients with preexisting lesions (21) or even increase the cancer risk in general (22, 23) . Because of these concerns, many governments worldwide have delayed decisions to implement population-wide folic acid fortification policies similar to those introduced .10 y ago in North America.
It is important to ensure that the known and potential beneficial effects of folic acid in preventing disease can be achieved without exposing the general population to unnecessarily high doses of folic acid. The aim of this study was to determine the minimum dose of folic acid (within the range of 0.2-0.8 mg/d) required to effectively lower homocysteine over a longer duration of intervention than previously investigated.
SUBJECTS AND METHODS

Participants
Ethical approval of the study was granted by the Research Ethical Committee of the University of Ulster. Patients with IHD, of any age, were recruited from the Cardiac Rehabilitation program, Causeway Hospital, Northern Ireland. Inclusion criteria were as follows: proven myocardial infarction .3 mo previously, IHD on coronary angiography, or a clinical diagnosis of angina confirmed by electrocardiogram. Healthy subjects were recruited from the local community. The exclusion criteria for all subjects were as follows: history of diabetes, hepatic or renal disease, hematologic disorders, use of B vitamin supplements, or use of medication known to interfere with folate metabolism. In addition, the healthy group had no history of cardiovascular disease. All participants gave written informed consent and completed a short medical questionnaire. As part of the ethical considerations, screening blood samples were collected for analysis of vitamin B-12 status before the intervention started, and those subjects found to be deficient (,140 nmol/L) were excluded from the study and referred to their medical practitioner for treatment.
Intervention and randomization
The study was conducted as a double-blinded, randomized, placebo controlled trial. The sample size was estimated by using data from a similar dose-finding study in IHD patients (15) . On the basis of the mean (6SD) homocysteine response to different folic acid treatments compared with that to placebo in this previous study (15) , it was estimated that a sample size of 29 subjects per group was needed to detect a difference of 2.7 lmol homocysteine/L with a power of 80% at a = 0.05. To allow for a 20% dropout rate, we estimated that a sample size of 35 subjects in each folic acid treatment group would be required. Within both the IHD and healthy groups, participants were stratified into tertiles of homocysteine concentration (from the screening blood sample); subjects in each stratum were then randomly assigned to receive placebo or 0.2, 0.4, or 0.8 mg folic acid/d for a total intervention period of 26 wk. Vitamins were specially produced for this study by Boots Contract Manufacturing (Nottingham, United Kingdom) in tablet form. All folic acid tablets, including placebo, were identical in color, size, and shape. To maximize compliance, vitamins were distributed every 3 wk to the participants' homes in 7-d pillboxes with instructions to take one tablet each morning. The pillboxes were then collected, and the number of unused tablets was recorded to monitor compliance. Participants were instructed not to consume any B vitamin supplements other than those provided during the study and were advised to maintain their usual diet, including their intake of any folic acid-fortified foods, throughout the intervention period.
Sample collection and measurements
Fasting blood samples were collected from participants in their own homes at screening, week 0, and week 26 and, in addition, in a subset of participants (IHD patients only) at 6 or 12 wk of intervention. Samples collected for plasma homocysteine analysis were wrapped in foil, placed on ice immediately after collection, and centrifuged within 4 h of sampling. Samples collected at screening and before, during, and after intervention were analyzed by using standard laboratory assays for plasma total homocysteine (24) and serum folate (25) . Samples collected at screening were analyzed for serum vitamin B-12 (26) , vitamin B-6 (plasma pyridoxal phosphate, PLP) (27) , and riboflavin status. The status of riboflavin was determined on the basis of the erythrocyte glutathione reductase activation coefficient (EGRac)-a functional assay that measures the activity of glutathione reductase before and after in vitro reactivation with its prosthetic group FAD (28) . EGRac is calculated as a ratio of FAD-stimulated to -unstimulated enzyme activity, with values 1.3 generally indicative of suboptimal riboflavin status. The MTHFR 677C/T genotype was identified by polymerase chain reaction (PCR) amplification followed by HinF1 restriction digestion (29) . For all assays, samples were analyzed blind, and quality control was provided by the repeated analysis of stored batches of pooled washed red blood cells (EGRac), plasma (homocysteine and PLP), and serum (folate and vitamin B-12) covering a wide range of values. The folate content of the intervention tablets was determined 3 times during the intervention period by using a Lactobacillus casei microbiological assay (25) after dissolving the tablets in 1 mL of 0.01 mol NaOH/L and further diluting the solutions with 0.5% sodium ascorbate. The mean (6SD) measured folate contents of the 0.2, 0.4, and 0.8 mg folic acid tablets were 0.207 6 0.017, 0.432 6 0.013, and 0.829 6 0.036 mg per tablet, respectively. Folate was undetectable in the placebo tablet.
Dietary evaluation and anthropometric measurements
Dietary intakes at baseline were assessed by means of a 4-d food diary. Subjects were given detailed advice, both written and oral, on how to complete the food diaries and were asked to do so over 2 weekdays and 2 weekend days. Portion sizes were estimated by using household measurements and were subsequently quantified by using published data (30). The food diaries were then analyzed for daily nutrient intakes by using the dietary analysis program WISP (version 1.28; Tinuviel Software, Warrington, United Kingdom). Weight (kg) and height (m) were measured at the time of the dietary assessments.
Statistical analysis
Statistical analysis was performed by using the SPSS Statistical Package for the Social Sciences (version 17.0; SPSS UK Ltd, Chersey, United Kingdom). For normalization purposes, variables were log transformed as appropriate before statistical analysis. Differences at baseline between IHD patients and healthy volunteers were assessed by using an independentsamples t test. Categorical data were assessed by using chisquare analysis. Response to intervention was calculated as the posttreatment minus the pretreatment value. The percentage response to the intervention was calculated as the posttreatment minus the pretreatment values and expressed as a percentage of the pretreatment value. Differences in the response to the intervention between treatment groups were examined by using one-factor analysis of covariance (ANCOVA), with age, sex, and baseline homocysteine as covariates. Adjustments for multiple comparisons with the use of a Bonferroni post hoc test were incorporated into the analyses. When examining the response to intervention according to initial homocysteine concentrations, subjects were categorized into low or high homocysteine by using the median baseline homocysteine concentration as a cutoff. Differences at baseline between subjects with low or high initial homocysteine concentrations (matched for age) were assessed by using an independent-samples t test. Univariate analysis was used to examine the determinants of homocysteine concentrations before and after the intervention. P values ,0.05 were considered significant.
RESULTS
Baseline characteristics
The response rate for eligible IHD patients initially approached to take part in the intervention was .95%. Details of the patients and healthy volunteers screened, those randomly assigned to treatment (following application of exclusion criteria), and completion rates are provided in Figure 1 . Of the 113 patients and 75 healthy volunteers randomly assigned to treatment, 16 failed to complete intervention, which resulted in 101 patients and 71 healthy volunteers completing the study, all of whom were included in the analysis.
Characteristics of the patients and healthy volunteers are listed in Table 1 . Homocysteine concentrations were higher and concentrations of serum folate, vitamin B-12, and vitamin B-6 were lower in the patients than in the healthy volunteers. No significant differences in riboflavin status or in the frequency of the homozygous mutant (TT) genotype for the MTHFR 677C/T polymorphism were observed between the 2 groups.
Reported dietary energy intakes were lower in the patients than in the healthy volunteers (possibly as a result of dietary restriction in the patient group after receiving dietary advice at the time of their diagnosis). No significant differences in dietary intakes of the relevant B vitamins were found, except that vitamin B-6 was higher in the healthy group, and B vitamin intakes in both groups compared favorably with current recommendations. However, when nutrient intakes were expressed per unit energy and reexamined, folate intakes were found to be significantly higher in the patients (P = 0.03), whereas the apparent difference in vitamin B-6 was no longer significant (data not shown).
Response to folic acid
Mean compliance was estimated (by pill counting) to be 98% in patients and 95% in the healthy volunteers. Serum folate concentrations responded to the intervention in a linear, dose-dependent manner with responses increasing significantly in response to each increment in folic acid dose (Figure 2) , FIGURE 1. Flow of participants through each stage of the study. IHD, ischemic heart disease.
EFFECTS OF LONG-TERM FOLIC ACID INTERVENTION
which provided further evidence that compliance was generally high and consistent between treatments.
Although the magnitude of the homocysteine response appeared to differ between the patient and healthy groups, no differences in responses were observed after baseline homocysteine was controlled for (data not shown). Therefore, the data were combined and the responses to intervention were examined by using one-factor ANCOVA (with adjustment for baseline homocysteine, age, and sex) and a Bonferroni post hoc test (P , 0.05) ( Table 2) . Folic acid at all doses resulted in significant homocysteine lowering, and no significant differences in the homocysteine responses to the different doses of folic acid were observed. Although no significant differences in homocysteine responses to folic acid doses of 0.2 and 0.8 mg/d were observed, analysis of the 95% CI for the difference in response between 0.2 and 0.8 mg/d showed that this could be as great as 2.2 lmol/L. The homocysteine response to the intervention was then examined according to initial homocysteine concentrations. In both the high-and low-homocysteine groups, all doses of folic acid were effective at lowering homocysteine, with no significant differences observed between the folic acid doses within either category (Figure 3) . Participants with a high homocysteine concentration at baseline (ie, an initial homocysteine concentration greater than the median value) showed the greatest magnitude of homocysteine response to folic acid doses of 0.2 mg (220.6%), 0.4 mg (220.7%), and 0.8 mg (227.8%) (Figure 3 ). In participants with a low baseline homocysteine concentration (ie, a value below the median), homocysteine responses were 28.2%, 28.9%, and 28.3% for folic acid doses of 0.2, 0.4, and 0.8 mg/d, respectively.
When the characteristics of the participants with low or high initial homocysteine concentrations were further examined, those with high homocysteine were typically older and had lower serum concentrations of both folate and vitamin B-12. No differences in sex or MTHFR genotype were observed. After the high-and low-homocysteine groups were matched for age, both serum folate and vitamin B-12 concentrations were found to be significantly lower in those with a higher initial homocysteine concentration ( Table 3) . A univariate model of analysis showed that vitamin B-12 concentration was a significant determinant of 2 Differences between groups were assessed by using an independent-samples t test. Data were log transformed before statistical analysis when applicable. Categorical variables were assessed by using chi-square analysis. P , 0.05 was considered significant. postintervention homocysteine concentrations only in those with a high homocysteine concentration at baseline (P = 0.007; data not shown).
In addition to the 26-wk postintervention sample examined in all participants, a subset of IHD patients were also sampled at 6 or 12 wk (Figure 4) . At 6 wk, the homocysteine response differed considerably between the 3 folic acid treatments. At 12 wk, the response to both 0.8 and 0.4 mg folic acid/d appeared to be optimal in that no further homocysteine-lowering in response to either dose was observed between 12 and 26 wk. The extended intervention period up to a total of 26 wk, however, was required to achieve effective homocysteine lowering with 0.2 mg folic acid/d; in this treatment group the response appeared to be suboptimal at both 6 and 12 wk.
DISCUSSION
Our results showed that a dose of folic acid as low as 0.2 mg/d results in an effective decrease in homocysteine concentrations. Although serum folate increased significantly in a dosedependent manner with each increase in folic acid from 0.2 to 0.4-0.8 mg/d, the 2 higher doses did not result in a significantly greater homocysteine response than did the dose of 0.2 mg folic acid/d. These findings, shown after a total intervention period of 26 wk, differ from previous conclusions that much higher folic acid doses were necessary on the basis of intervention trials that were typically 8 wk in duration (16) . The prolonged period of intervention in this study was found to be necessary to allow a more optimal homocysteine-lowering effect to be observed in response to all folic acid treatments. The results are timely because population-wide fortification with folic acid on a mandatory basis (introduced over 10 y ago in North America) is under consideration by various governments worldwide.
Determining the long-term effects of folic acid at lower doses is important given recent concerns regarding potential adverse effects of overexposure to folic acid at high doses (18, (21) (22) (23) . Homocysteine at baseline was an important predictor of the homocysteine response in this study as in other studies (12, 13, 16) , although it is unclear how much of this effect was due to regression to the mean. However, regardless of the initial homocysteine concentration, 0.2 mg folic acid/d given chronically was found to result in effective homocysteine lowering, and the response to 0.8 mg folic acid/d was not significantly greater than the response to 0.2 mg folic acid/d. Although our data show that the difference in response to the 0.2 and 0.8 mg folic acid/d doses may have been as great as 2.2 lmol/L, we considered the risk of overexposure from the long-term delivery of a dose 4 times more than the effective dose to be too great to justify any additional lowering. Folic acid is generally desirable because it provides a stable and bioavailable form of the vitamin for ingestion; however, at higher intakes, unmetabolized folic acid is known to persist in plasma because of the limited ability of humans to reduce it to the active folate form (31) . The persistence of unmetabolized folic acid could in turn contribute to the reported adverse effects of excessive folic acid exposure (18, 
2).
2 Values are geometric means; 95% CIs in parentheses. 3 Values are estimated means adjusted for age, sex, and baseline homocysteine; 95% CIs in parentheses. 4 The response to intervention was calculated as the posttreatment minus pretreatment value. 5 The percentage response to intervention was calculated as the posttreatment minus pretreatment value expressed as a percentage of the pretreatment value.
FIGURE 3. Mean (6SE) homocysteine response to a 26-wk folic acid intervention in patients with ischemic heart disease and healthy volunteers combined (n = 172) according to initial plasma homocysteine concentrations. Subjects were categorized into categories of low or high initial homocysteine concentrations on the basis of the median baseline homocysteine concentration for each treatment group as a cutoff. The homocysteine response to the intervention was calculated as the posttreatment minus the pretreatment value and expressed as a percentage of the pretreatment value. Differences between groups were analyzed by ANCOVA. Different lowercase letters indicate significant differences within each category, P , 0.05 (ANCOVA with Bonferroni post hoc test). [21] [22] [23] . Although, the variability in the presence of unmetabolized folic acid does not appear to be entirely explained by folic acid intakes in healthy populations (32) , clearly a lower target dose to deliver a beneficial effect will lower the risk of adverse effects (whatever the estimated size of such risk) in any emerging fortification policy.
Previous studies examined homocysteine-lowering in response to different folic acid doses but the results are inconsistent (15, (33) (34) (35) . One of these studies investigated the effect of folic acid in the range 0.2-1 mg/d in IHD patients (15) and showed that homocysteine decreased in a dose-dependent manner with increasing doses of folic acid up to a maximum effect (ie, 23% reduction) in response to 0.8 mg folic acid/d. However, the study did not take into account initial homocysteine concentrations before randomization, which may have influenced the response. Another dose-finding study (35) , which stratified subjects on the basis of pretreatment homocysteine, estimated that 0.4 mg folic acid/d was required to achieve 90% of the maximal homocysteine response. Both of the aforementioned studies, together with 23 others, were then subjected to a meta-analysis that standardized for pretreatment homocysteine (16) and concluded that 0.8 mg folic acid/d was required to maximally lower homocysteine concentrations, whereas a dose of 0.2 mg/d produced only 60% of this maximal effect (16) . Few if any of the original studies included in the meta-analysis reported on participant compliance; however, poor compliance could underestimate the response to any given dose and, in turn, become problematic when the results are interpreted for fortification purposes. Because food fortification (unlike supplementation) automatically delivers maximal compliance, ensuring participant compliance was an important focus in our protocol, and the results indicate that this was generally very good. However, we consider the extended duration of treatment in this study to be the most critical factor explaining the difference between our results and earlier findings, concluding that the effective folic acid dose was 4 times higher than in this trial (15, 16) . In the aforementioned meta-analysis (16), the treatment duration in 18 of 25 trials examined was 8 wk; 6 had a duration of 12 wk, and only 1 (a 24-wk trial) had a duration similar to that of the current investigation. When the effect of folic acid in our IHD patients 1 All values are geometric means; 95% CIs in parentheses. Low and high homocysteine categories were established arbitrarily by using the median baseline homocysteine concentration as a cutoff and then matched for age between the 2 categories. SI conversion factors: to convert folate to nmol/L, multiply by 2.266; to convert vitamin B-12 to pmol/L, multiply by 0.738. PLP, pyridoxal phosphate; EGRac, erythrocyte glutathione reductase activation coefficient (a higher value indicates lower riboflavin status); Hcy, homocysteine.
2 Defined as a mean (6SD) of 10.1 6 1.9 lmol/L. 3 Defined as a mean (6SD) of 16.6 6 6.7 lmol/L. 4 Differences between groups were assessed by using an independent-samples t test. Data were log transformed before statistical analysis.
5 For all treatment groups combined, excluding placebo.
FIGURE 4.
Median homocysteine response to folic acid over 26 wk of intervention in patients with ischemic heart disease. A subsample of the participants also underwent sampling at 6 or 12 wk (week 6, n = 34; week 12, n = 72; week 26, n = 101; not the same participants). The homocysteine response was calculated as the posttreatment minus pretreatment value. See Table 2 for a statistical comparison of homocysteine responses between all participants (n = 172).
sampled at intervals during the intervention was examined, the maximal homocysteine response appeared to be achieved as early as 6 wk in the 0.8-mg folic acid/d group and by 12 wk in the 0.4-mg/d group; however, in the 0.2-mg/d group, the response was suboptimal at both 6 and 12 wk compared with that achieved by 26 wk. Thus, the longer treatment duration was necessary for a more optimal homocysteine-lowering effect to be observed in response to a low folic acid dose.
The finding in this study that 0.2 mg folic acid/d given for 26 wk was effective at lowering homocysteine is important for emerging folic acid fortification policy in different countries. This is because food fortification is untargeted, and ensuring that the effective dose is reached in a population inevitably means that some people will be exposed to much higher levels. A dose of 0.2 mg/d is similar to the estimated increment in folic acid intake in the United States (ie, 215-249 lg/d), arising from the introduction of mandatory fortification in 1998 (36) . Mandatory folic acid fortification was formally proposed in the United Kingdom in 2000 and again in 2006 after an extensive review of the available evidence (37); however, in 2007, implementation of a new policy was further postponed to allow consideration of new evidence in relation to potential adverse effects of folic acid and cancer risk-a process just completed. The current findings suggest that the additional intake of 0.2 mg folic acid/d now being proposed for implementation (38) , although primarily aimed at reducing neural tube defects (NTDs), is likely to also have other benefits. The extent of homocysteine-lowering shown here in response to 0.2 mg folic acid/d in participants with higher initial homocysteine was recently shown (by a metaanalysis of randomized trials of folic acid and stroke risk) to be associated with a 23% reduction in the relative risk of stroke (0.77; 95% CI: 0.63, 0.95; P = 0.012) (10) . This is also the maternal folic acid intake associated with the lowest risk of NTDs (39, 40) and may, in addition, offer protection against congenital heart defects in infants (41) .
Apart from folic acid, the findings provide some indirect evidence of the potential benefits of enhancing vitamin B-12, the status of which was found to be significantly higher at baseline in those with lower initial homocysteine concentrations. Furthermore, postintervention homocysteine concentrations in participants with higher baseline homocysteine concentrations appeared to reach a plateau (irrespective of the folic acid dose) at '12.0 lmol/L, compared with a postintervention value of 9.0 lmol/L achieved in those with lower baseline homocysteine. Given that participants in both homocysteine categories were matched for age, it is unlikely that age-related renal impairment (known to be a major determinant of plasma homocysteine concentration) could have explained the difference in homocysteine responses between the 2 categories, although a limitation of the current study was that no measure of renal function was included. It is more likely that the extent of the homocysteine response in those with higher baseline concentrations was limited by vitamin B-12, which is also required for the metabolism of homocysteine through the methionine synthase pathway. Thus, although low-dose folic acid was found to be effective in this study, folic acid alone may not lower homocysteine to desirable concentrations (,10 lmol/L) (42) in those with higher initial homocysteine concentrations. Any small additional decrease in homocysteine from vitamin B-12 intervention could be predicted to confer a further benefit in terms of disease risk. Therefore, although not investigated here, some consideration could be given to the inclusion of vitamin B-12 together with folic acid in food fortification policies, particularly in light of new evidence that low maternal vitamin B-12 is a significant predictor (independent of folate) of NTD risk in women (43) .
In conclusion, these results show that a dose of folic acid as low as 0.2 mg/d can, if taken for 6 mo, effectively lower homocysteine concentrations. We showed that higher doses of folic acid may not be necessary and, in support of the recent opinion expressed elsewhere (44, 45) , may be inappropriate given potential adverse effects of long-term exposure to high folic acid intakes. Previous trials may have overestimated the folic acid dose required because of too short an intervention period to observe a more complete response to lower doses. Thus, the potency of folic acid at low doses given chronically, as demonstrated in this study, should not be underestimated, and it is possible that doses lower than those investigated here would also be effective over a longer time period. Finally, folic acid alone may not lower homocysteine to desirable concentrations, and further research is required to determine whether the inclusion of vitamin B-12 will have benefits over and above the effect of folic acid in existing and emerging fortification policies.
